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Abstract 
TEM Cell was widely used as the electric field generator of electromagnetic pulse（EMP）simulator. To keep 
the transfer characteristic and avoid wrinkling of inner conductor, the TEM Cell brace was designed basing on 
simulation. Structure, size and material were optimized by using HFSS and the best scheme was given. Experiment 
showed the output pulse waveform generated by the EMP simulator using the optimized braces was all right and met 
the requirement of EMP simulator. 
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1.  Introduction 
Electromagnetic pulse (EMP) effect came into the study field of the countries' scientists since the first 
nuclear weapon was tested in 1945 by the United States. In the 1960s, countries all over the world started 
to build all kinds of Bounded-Wave Simulator and Radiating-Wave Simulator for EMP simulation test [1]. 
In the 1970s, the transverse electromagnetic (TEM) Cell which could simulate the transmission of 
electromagnetic wave in the enclosed space was suggested by American National Standards Institute 
(ANSI).Different from the open structure of Bounded-Wave Simulator and Radiating-Wave Simulator, an 
enclosed space made of the out conductors composed the waveguide border and limited the EMP effect 
into the given test space. As a result, influence on the surrounding test equipment and power electronic 
equipment was minimized. The tester’s health was supported too. Electric-field value in TEM work area 
was got functionality and reliability as environmental level and interference were limited successfully. 
The inner conductor of TEM Cell was plate structure, which was easily to be out of shape. Especially in 
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large and medium-sized TEM transmission Cell, the inner conductor was heavier. The brace was 
necessary to be designed to avoid the deformation and ensure a longer operating time.  
                         
2.  Introduction of TEM Cell 
TEM Cell based on the principle of rectangular coaxial cables can simulate the electromagnetic wave 
transmission in enclosed space in which can transfer the transverse electromagnetic wave evenly to 
simulate the electromagnetic plane wave in free space. Its essence is extended coaxial transmission line, 
the structure is shown in figure 1.It contains the connector for pulse input, former transition section, 
parallel plate section, rear transition section, inner conductor and terminal matching load. Structure of the 
inner conductor is gradual ranging from tapered gradually transition to flat while the out conductor form a 
abrupt structure. To ensure the transmission of the electromagnetic wave generated by the pulse source to 
work area without reflection and loss, a former transition section is introduced; For the same reason, to 
eliminate terminal reflection, a rear transition section is needed between the parallel plate section and 
termination matching load. 
Performance of TEM Cell is determined 
by its impedance. Characteristic impedance 
of the pulse source is designed as 50ohm 
and the 50ohm coaxial cables are adopted 
for pulse transmission to the TEM Cell. 
Characteristic impedance of the TEM Cell 
should be according with pulse source and 
coaxial cables to keep the system 
impedance continuous and reduce 
reflection, so Characteristic impedance of 
the TEM Cell is designed as 50ohm too and its VSWR should be within 1.5. 
 
Fig.1 Schematic diagram of TEM cell structure 
 
3.  Optimization design of TEM Cell braces 
The real TEM Cell was designed using Finite Element Method [5-6] referring to the documents [2-6] on 
the same topic how to calculate the characteristic impedance of TEM Cell. Its size is 
880mm×206mm×206mm, the parallel plate section is 400mm and the elevation of transition section is 20 
°. Taking the brace stiffness and its influence to the field distribution in TEM Cell into consideration, 
PTEE is adopted as the brace material. In the contact point of the inner conductor and the brace, the inner 
conductor size is changed to keep the characteristic impedance of TEM Cell 50 ohm [7]. 
Physical structure of the work area in parallel plate section is discontinuous because of the introduction 
of the brace and reflections get out which effect the Voltage Standing Wave Ratio (VSWR) characteristic 
of the TEM Cell, so we should optimize the brace sizes to minimize the influence. After the initial design, 
analysis of the braces sizes are done for better VSWR characteristic using electromagnetic simulation 
software HFSS developed by American Ansoft company. HFSS basing on the frequency domain finite 
element algorithm is good at calculating simple structure and narrow band questions.  
3.1.  Analysis of different shape braces 
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The area of the brace was 20mm×200mm 
in the Preliminary design and shape of the 
brace was given sufficient attention. Three 
kinds of brace cross section were analyzed 
and optimized, they were rectangular, 
triangular and semi-cylindrical. Schematic 
diagram of the brace shape is shown in 
figure2 and VSWR of the TEM Cell with 
different shape braces which have the same cross section is in figure 3-4. The figure show that the semi-
cylindrical and triangular braces introduce two abrupt change points of VSWR separately in 100MHz to 
800MHz, the triangle braces saltation of VSWR reached 12.50 which is far beyond the requirements 
VSWR ≤ 1.5, so triangle braces could be given up. Rectangular braces introduce one abrupt change point 
which reach 3.00 while the semi-cylindrical braces Introduced two abrupt change points of VSWR but its 
value are less than 1.4. In a word, impedance of the TEM Cell with semi-cylindrical braces match well 
and meet the requirement, so semi-cylindrical brace program is adopted. 
 
Rectangular brace        Semi-cylindrical brace           Triangular brace 
Fig.2 Schematic diagram of brace shape 
 
Fig.3 VSWR of the semi-cylindrical braces、   Fig.4 VSWR of the triangle braces                  Fig.5 VSWR of the semi-cylindrical   
rectangular braces and no braces                                                                                                  braces with different radius 
3.2.  Analysis of the braces with different radius 
Process of parameter optimization is to select a size which need to be optimized and set the size 
changes range, using swept frequency method to calculate the VSWR characteristics of the TEM Cell in 
100MHz-800MHz for the best characteristics curve in this bandwidth. The best  means the VSWR in this 
bandwidth are smaller and this curve corresponding to the value of structure size is optimized size. 
Because of the presence of braces, most of the reflections of the TEM cell’s main workspace（the 
parallel plate）is generated by the discontinuous structure here.  
Figure 5 shows the VSWR characteristics curve that corresponding to the change of the radius of the 
semi-cylindrical cross-section. As the Figure 5 shows, the lower bandwidth VSWR of the TEM cell 
decreases gradually as the radius increases constantly; At 640MHz a turning point comes out. After this 
point, VSWR of the higher frequency increases as the radius increases. The low-frequency characteristic 
of the R=20mm semi-cylindrical braces is the best, but its VSWR is greater than 1.5 after the turning 
point, and the VSWR of the abrupt point at 770MHz is up to 1.83. So the R=15mm semi-cylindrical brace 
is selected, taking into account the high and low frequency characteristics. 
3.3. Analysis of arcs with different radian. 
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In the case of 30mm x 200mm brace plane, the radian corresponding to the 30mm string is changed for 
simulation studies. Taking into account the intensity of the braces, analysis of 60°,90°,120°,150°
and 180°arc cross-section braces are done, VSWR curves of different radians arc are shown in figure 6, 
the mutation points data is shown in Table 1. 
On the analysis of the data in Table 1, influence of 
the radian 90°arc cross-section braces to VSWR is the 
smallest and the maximum abrupt VSWR is 1.28, but it 
introduces two discontinuities at 467.5MHz and 772MHz
；the radian 180°arc cross-section braces have only one 
abrupt VSWR of 1.36, which is closed to the former. 
Consideration of high and low frequency performance and 
processing , the radian 180°arc cross-section braces are 
adopted, that is the semi-cylindrical braces. 
To sum up, R=15mm semi-cylindrical braces are 
adopted. 
3.4.  Analysis of different materials  
As the EMP simulator field irradiator, the inner conductor of TEM cell transmit high pulse current 
generated by pulse source, its braces must be insulating material. Figure 7 shows the performance of three 
common insulating material braces basing on the above structure and size optimizations. The relative 
dielectric constants of PMMA, POM and PTFE are 4.1, 3.6 and 2.1. The figure 7 shows, as insulating 
material, PTFE braces have excellent insulation properties and do minimal effect on TEM cell’s 
transmission characteristic compared to PMMA and POM material braces. 
After the material selection basing on the structure and size optimizations, the final VSWR curve is 
shown in figure 8, the entirety VSWR is less than 1.4 which meet the design requirement. 
 
Table1. The mutation VSWR of the braces  
with different radian 
Radian
Mutation 
frequency（MHz） Mutation VSWR 
60° 780.8 3.52 
90°-1 467.5 1.18 
90°-2 772 1.28 
120° 767.6 5.03 
150° 770.3 1.52 
180° 767.6 1.36 
  
Fig.6 VSWR of the braces with different radian   Fig.7 VSWR of different materials              Fig.8 VSWR of the braces optimized 
4.  Experimental results 
The optimized braces in figure 8 are installed to the TEM Cell after being manufactured. The input 
terminal of the TEM Cell is connected to pulse source composed of a high voltage DC power supply and 
the gas spark switch which are developed by our laboratory through the coaxial cable with 50ohm 
characteristic impedance and the output terminal is connected to the terminal matching load. They form 
the EMP simulator system completely. The output pulse wave as shown in figure 9 is got through the 
measurement system composed by the resistive voltage divider and the digital storage oscilloscopes with 
1G bandwidth. In the experiment, the storage capacitor is 500pF, pressure of the gas spark switch is1 
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atmosphere pressure, the oscilloscope sampling frequency is 5GHz/s, the divider ratio is 9236: 1 and the 
gas spark switch is self-excited triggered. The smooth output EMP wave shows that whole system 
impedance matching is good and there are no obvious reflection and oscillation during EMP wave 
transmission. Conclusions: the braces optimized perform well and meet the EMP simulator requirements. 
5.  Conclusion  
Analysis of tree shape braces shows that compared to 
rectangular and triangular braces, semi-cylindrical braces 
are better choice and VSWR of semi-cylindrical braces is 
less than 1.4. Taking high-frequency and low-frequency 
performance into consideration, semi-cylindrical braces 
with 15mm radius work better than 10mm and 20mm, so 
radius of 15mm is adopted. In addition, analyses of braces 
with different arc and same support area are done. 
Simulation results prove VSWR of the 90°arc is 1.28 
which is the best compared to others while 180°arc is 1.36 which is a little more than 1.28, but it is so 
much easy to manufacture that 180°arc is the finally choice. In a word, semi-cylindrical braces with 
15mm radius are selected as the braces of the TEM Cell. 
Material of braces is important to the performance of the TEM Cell. PMMA, POM and PTEE which 
are the most popular electrical insulating material are analyzed. Performance of the PTEE braces is 
perfect because of its best insulating characteristic in the three materials. Simulation results prove that 
material of braces should own good insulating characteristic to meet the design requirement. 
As the limit of the experiment condition, the VSWR test of the TEM Cell with braces optimized is not 
finished, a further experiment should be done for verification in the future. 
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